The purpose of this study was to correlate 3D-CT (3D computed tomography) volume measurements of malignant tumors with the response to treatment, and to observe bone invasion in these lesions applying a specific imaging protocol. We analyzed 17 individuals with maxillofacial malignant lesions who were submitted to spiral CT (2D-CT). The original data were transferred to an independent workstation using a 3D volume rendering package software, which was used by two examiners to obtain area and volume measurements of the lesions, independently, three times each, prior to and after treatment. The segmentation protocol was applied for the assessment of bone involvement. The difference between imaging and gold standard values was not considered significant (p > 0.05). Regarding bone invasion, three false-negatives were obtained using MPR-CT (multiplanar reconstruction) and no false-negatives were obtained using the 3D segmentation protocol. The use of 3D-CT may be a differential and important factor for expanding options regarding the localization, dimension, and clarification of lesion components. DESCRIPTORS: Tomography; Wounds and injuries; Image processing, computer-assisted; Face; Neoplasms.
INTRODUCTION
Recent reports have shown that tumor volume is a reliable piece of information for treatment planning 19 , and that it can also predict the outcome of radiotherapy for head and neck cancer 4, 9, 12, 16, 20, 22 . Multiplanar reconstructed (MPR) images from computed tomography (CT) play an important role in both pre-and postoperative evaluation of oral and maxillofacial abnormalities 9, 13, 15 . The standard method for assessing the response of tumor to treatment is to determine its changes in maximum cross-sectional area 23 . Two-dimensional (2D) measurements may misrepresent changes in tumor size because they disregard alterations in the third dimension 15 .
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The use of specific programs associated to CT allows the reconstruction of three-dimensional images of the craniofacial structures 7, 8, 23, 24 . Thus, the visualization of soft tissues becomes possible as well as their relationship with adjacent bone structures due to the high image quality. According to the related literature, validating the imaging methodology using MPR-CT and 3D-CT is important for the establishment of adequate protocols, which will make the classification of the pathological process, the development of an effective therapeutic conduct, and the evaluation of patients 1 easier. 3D-CT is considered a useful tool to complement 2D-CT in the evaluation of several pathologies that affect the maxillofacial complex 7, 21, 23, 24 . Computerassisted radiology is used for diagnostic biopsy, preoperative planning, intra-operative guidance and postoperative assessment. More accurate determination of changes in tumor size may be obtained using 3D volume measurements, with consequent implications for assessment of response to therapy 23 . Our purpose was to correlate the 3D-CT volume measurements of malignant lesions with their response to treatment, and to observe bone invasion of those lesions using a specific imaging protocol.
MATERIAL AND METHODS
We analyzed 17 patients with malignant lesions (lymphoma, carcinoma, and sarcoma). The patients were referred to spiral CT imaging (Toshiba X-Press, Toshiba Medical, Tustin, CA, USA) at 120 kVp and 200 mA, using a 512 x 512 matrix and 3 mm/1 sec of The tumor was observed due to the increased vascularity and contrast enhancement peripheral to the lesion. It was possible to localize the contour of the tumor, visualizing all of its borders in relation to the anatomical bone structure ( Figures 1A,  B , C). Measurements of area and volume were obtained using the crosshair tool ( Figures 1A, B , C) and selecting the largest diameter of the images of the lesions in axial, coronal and sagittal (MPR) reconstructed views, according to previous validated methodology 9 . Volumetric measurements were made by manual contour delineation of these three views using the Vitrea  software tools, which automatically defined the range of CT densities in the region of interest. Two observers, on three different occasions separated by several weeks, traced the contour of the lesions using a computer mouse and making their own decision as to the boundaries. They were all submitted to previous training. The software tools automatically displayed the lesions in 3D reconstructed images with the corresponding measurements of area and volume ( Figure 2A 
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For the analysis of bone invasion, we repeated the same steps described above, localizing the largest diameter of the images of the lesions in axial, coronal and sagittal views and making the contour delineation of these three images. The specific tool for 3D volume rendering software package (seg- 
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mentation protocol) was then applied. The lesion appeared segmented from the anatomical adjacent bone structures, providing a clear perception of bone anatomy and of the destruction caused by the tumor mass. This is depicted as white streak marks that show bone involvement in contrast to the red color representing the soft tissue mass ( Figure 2B ). When no bone involvement was found, the lesion appeared totally red in color ( Figures 4A  and B) . These different color tables are specific tools of the computer graphic system, applied to the CT data and based on CT density. The 3D images were viewed using rotation, translation, and a fly-through modes, making the evaluation of bone involvement possible ( Figure 3C ). The clinical and/or surgical findings (medical records) were considered the gold standard corroborating the diagnoses of the maxillofacial lesions. ANOVA (Analysis of Variance) and Chi-square tests with SPSS (Statistical Package for the Social Sciences, Chicago, IL, USA) software were used to gather the data file and carry out the statistical analysis, as well as to test the validity of the methodology 24 . Table 1 presents the differences in area and volume prior to and after treatment. The difference between the gold standard and imaging values was not considered significant (p > 0.05). In all patients submitted to radiotherapy, the tumor volume and area decreased considerably and the values were in agreement with therapy. The opposite happened with the recurrence cases (volume and area increased considerably). In both situations, an agreement with the clinical and surgical findings was observed.
RESULTS
Inter-and intra-examiner reliability are shown in Table 2 , with the interval ranging from 11.15% to 19.59%, and the standard deviation from 9.86% to 17.89%. The largest difference was found between inter-examiner volume measurements (19.59%). Table 3 shows three false-negatives in axial and in MPR-CT images (82.36% of agreement). It was not possible to identify bone involvement in three of the 17 cases. However, regarding the 3D segmentation protocol, complete agreement was found (confirmed by the histopathological and surgical findings).
DISCUSSION
The development of computer graphic programs has facilitated the interactive visualization and the qualitative and quantitative analyses necessary for craniofacial surgical planning 1, 3, 7, 8, 14, 15 . These advances allowed more detailed bone structure analysis, improving imaging interpretation in comparison with conventional radiographs 6, 11, 25 . In our experiment, it was possible to obtain the soft tissue mass, to segment, to manipulate, and to visualize the anatomical structures using 3D-CT volume rendering using an independent workstation.
Hermans et al. 16 (1998) analyzed measurements taken by five examiners, in four different sessions. Significant inter-examiner variation was reported, and the intra-examiner variation was also significant. According to the authors, this variation could have been smaller if the measurements had been taken by a single trained examiner, since the inter-examiner variation was 89.3% while the intra-examiner one corresponded to 6.4%. In our study, better results were obtained for inter-examiner variation (19.59%). This happened because we employed an MPR method to identify the lesion with the aid of intravenous contrast and with a fine reconstruction interval of 1.5 mm, which made it possible to obtain reconstruction with better resolution. This facilitated the localization of the lesion and consequently the acquisition of volume in 3D. However, we consider that with the introduction of multislice CT, which allows the isotropic scanning of a whole volume in 16 slices in 0.5 seconds, the reproducibility will be strongly improved. Also, the determination of volume and area differences between imaging and clinical aspects can express more fidelity since the scan parameters regarding slice thickness and interval of reconstruction can be less than 2 mm and 1 mm, respectively.
According to the related literature, the importance of correctly estimating the size of a tumor is evident because it will determine the treatment procedures according to the development of the neoplasm 4, 6, 9, 12, 16, [18] [19] [20] 22, 23 . According to Doweck et al. 12 (2002) , only 14.1% of the patients with tumors larger than 19.6 cc survive, while 41.5% survive when the tumors are smaller than 19.6 cc 12 . In our study, a protocol was established to measure the volume of the tumors before and after treatment in the analysis of bone structures, improving imag- false positive and false negative rates when determining bone invasion 2, 5, 17 , because 4 mm and 5 mm thick axial slices are used. Most authors suggest that thin slices are needed to detect more bone details 5, 10, 17 . In our experiment, we observed better results since we used 3 mm thick slices with a 1.5 mm interval of reconstruction. The 3D segmentation protocol demonstrated high imaging resolution, with high specificity and sensitivity to determine the lesion components. Also, the artifacts in CT scan can limit the observation of local invasion of malignant tumors, due to dental fillings (basically amalgam) and bone shape 2, 7, 10, 17 . For that reason, we believe that using 3D-CT images by volume rendering technique can improve the visualization and thus clarify the anatomical patterns of tumors. Therefore, we obtained satisfactory results since only 3 false negatives resulted with the employment of axial and MPR-CT images. It was not possible to identify bone damage in 3 of the 17 analyzed cases (confirmed by the histopathologic studies), whereas with 3D-CT no false negative was found. Furthermore, employing MPR-CT and 3D-CT reconstructed images with the specific protocol (segmentation), we demonstrated that the use of this methodology can be an important aid to minimize errors 6 .
CONCLUSION
In conclusion, this study can be used as a parameter for future studies, based on established protocols for the treatment planning and follow-up of patients with maxillofacial malignant lesions.
ACKNOWLEDGMENTS
CNPq, Brasília, Brazil (Dr. Marcelo Cavalcanti, Grant # 309331/2003-0). We thank the Vice-Rectorate for Research, University of São Paulo, for the financial aid to publish colored figures.
